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Tab. 1- Average radioactivity concentration in 13
samples of granites from Isfehan in Bg.kg!
(Tavakoli et al., 1391).
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Fig. 1- Variation in color of granite rocks due to the type of feldspar contents. Coarse-grained K-feldspars display

red-meat color (A); mixing of K-feldspar and Na-feldspar displaying light pink color (B) and only Na-feldspars
display white color (C).
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Fig. 2- Formation of dark polychroic hallow around zircon crystal within the bitotite (A) indicates the intensity
of radioactivity (PPL, 60X); Fission tracks due to the emission of alpha particles in apatite crystals (B) and
zircon grains (C) taken by sensitive high resolution ion microprobe (SHRIMP); Zircon crystal specimen (D) and
Apatite crystal specimen (E).
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Fig. 3- Microscopic images (A to L) indicating intense radioactive decay in important Iranian granitoids as follow:
(A) Tiebad Granite: the abundant inclusions of apatite crystals (right side, the slender crystals) and magnetite (black semi-
rectangles in left side of the image); (XPL, X25).
(B) Zahedan granite: Titanite crystal and nucleoid inclusions in the center of image, (XPL, X25).

(C) Mashhad Granite: Dark polychroic hallow arround the zircon crystal indicates radioactivity in the granite. The intensity
of radioactive minerals caused a dark circle resulted from gamma emisiiiion paths. Some zircon crystals completely radiated
by gamma thus the hallows are black in cores and rims, locted on biotite crystals. (XPL, X25).

(D) Yazd Granite: Extended poly chroic hallows around zircon grains on biotite indicates strong radiation. Due to the
intensity of radiation, zircon grains are completely disappeared. (XPL, X40).

(E) Birjand Granite: Zircon grains are observed in the center of image and the top right corner of the image. Polychroic
hallow is completed in the most left limit of the sample. (XPL, X40).

(F) Hamedan granite (Boroujerd Area): Density of large vedge-shaped crystals of titanite formed above the albite crystals.
The intensity of radioactive materials is observed by dark areas in the crystal borders of titanite. (XPL, X10).

(G) Alvand Granite: The extended polychroic hallow on biotite mineral and complete disappearing of zircon crystals (XPL,

X10).

(H) Natanz Granite: Dense opaque minerals (Fe-Ti oxides) on alkali feldspars riched in K (PPL, X10).
(1) Azarbayejan Granite: Changing titanite to magnetite (PPL, X10).
(J) Takab Granite: changing titanite to magnetite (XPL, X10).
(K) Kordestan Granite: Intergrowth of Quartz and K-feldspar crystals, representing low-temperature and high K-feldspar
melt. In this sample, zircon and other radioactive minerals are not observed (XPL, X25).
(L) Zanjan Granite: Extended black plychroic around the zircon crystals grown on the biotite crystal indicating gamma ray
path (XPL, X25).
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Tab. 2- Average (except those of one sample) radioactivity of 232Th, 226Ra and 40K isotopes obtained for 62
plutonic samples (mainly granitoid) taken from 13 outcrops in Iran. Detail information of samples are
shown in Table 1 of appendix.
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Fig. 4- Comparison of the average activity of 232Th, 22Ra and “°K isotopes in Bq.kg™ for different plutonic rocks

(mainly granitoid) from 13 areas of Iran, the rocks have been used for internal and external parts of buildings.
(Numbers in the brackets indicate the number of samples).
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Fig. 5- Positive correlation between the average of radioactivity decay for isotopes of 2?Th and “°K (A); ?’Ra
and K (B) and ??°Ra and *2Th (C) for plutonic rocks (mostly granitoids) cropped out in 13 areas of Iran.
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Tab. 3- Average (except single samples) of radioactivity indices calculated for 62 samples of Iranian granitoids. Detail
information of samples are shown in Tables 1 and 2 of Appendix. (The indices of Hex1, Hex2 and ly have not dimentions).

3,90 Gblw Raeq Hext Hex2 Hin ADRA AEDR Deft ELCR ly
il (Ba’kg) (D) (mSv/yr) | (mSvlyr) | (mSviyr
(nGy/h) )
[CHPERIRES))
s (3) 173.9716 0.46987 0.234891 0.52897 83.78671 0.102756 0.41102 0.35965 0.67064
Ao S (1) 123.1883 0.32268 0.166341 0.40593 58.83123 0.072151 0.28860 0.25253 0.4663
wl_)(g) 380.7459 1.02831 0.514155 1.32372 177.2876 0.21743 0.86970 0.76099 1.39823
sx(1) 209.1756 0.56489 0.282443 0.67597 99.87046 0.12248 0.48992 0.42868 0.79377
Q'M‘j(“) 267.6017 0.72279 0.361395 0.98833 127.4591 0.15632 0.62526 0.54711 0.99324
olev';(5) 358.1392 0.96726 0.483629 1.24818 168.1026 0.20616 0.82464 0.72156 1.32409
S13(2) 311.3067 0.84078 0.42039 1.09186 144.3188 0.17699 0.70797 0.61948 1.13723
Ql’.‘-.'.l?)")-l(:g) 312.5606 0.84420 0.422101 1.13258 146.3116 0.17944 0.71775 0.62803 1.14577
QLL-:Q)S(3) 364.3274 0.98403 0.492015 1.329977 170.76 0.20942 0.83768 0.73297 1.33544
QL;“)}(Z) 101.0318 0.27285 0.136426 0.33812 47.50998 0.05827 0.23306 0.20393 0.37642
lai(1) 258.3677 0.69779 0.348894 0.89184 96.68525 0.11858 0.58748 0.41501 0.94603
Shea(5) 286.6245 0.77412 0.387059 0.00558 105.1119 0.12891 0.66017 0.45118 1.05889
J\;9”(30) 196.7212 0.53124 0.265621 0.62503 90.44613 0.11092 0.44369 0.38823 0.72395
ol (43505 62) 240.7255 0.65012 0.325061 0.81334 112.1889 0.13759 0.55035 0.48155 0.88856
O Ay 108.7 0.29359 0.146792 0.38818 50.97 0.06251 0.25004 0.21879 04
ki, 195.08 0.52688 0.263439 0.68904 90.648 0.11117 0.44468 0.38909 0.71333
Slesl*
*UNSCEAR 370 <1 <1 <1 <59 11 0.48 <1.45 <l
(2000, 2008)
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Abbreviations and Notations

(in alphabetic order):

ADRA = absorbed dose rate in air.

AEDE = annual effective dose equivalent.

AEDR = annual effective dose rate.

Alibite = Na-plagioclase (NaAlSizOs).

Anortite = Ca-plagioclase (CaAl2Si2Os).

Ara, Ath, Ak = activity of Ra, Th and K (in Bag/kg),
respectively.

DCF = dose convection factor.

Detr = annual effective outdoor dose (human effective
dose equivalent).

DL = duration of life.

EC = European Commission.

ELCR = excess lifetime cancer risk.

Exhalation =zl

External exposure = > > ¢85

Granite = - IS ¢yt 45 j5b Subyo 5 b ¢ gy 9] S
el Jlewals 5 (220 JBlos) 5,068 o1 slo

Granitoids = .o 5945 by :Jols il 5 sloSin glgl
Sl S Jleils ST 5 il St il S 3350

Hex = external hazard index.

Hin = internal hazard index.

HPGe = High purity Germanium detector

IAEA = International Atomic Energy Agency

Igneous source =, 31 Laze

Infracrustal = laiwg ygobe

Internal exposure = Jsls s .5

MDA = minimum detectable absorption.

Natural radioactivity = b siwis

OF = outdoor occupancy factor.

Orthoclase = K-feldspar (KAISizOs)

Polychroic Hallow ;i sl slecs 5 jasls) s, b alls
= (S ginis

ppm = parts per million.

Raeq = Radium equivalent activity.

RF = risk factor.

Sedimentary source = glaiwg, Lo

Sensitive High Resolution lon Microprobe = SHRIMP
Supracrustal = ;54 axwg,

UNSCEAR = United Nations Scientific Committee on
the Effects of Atomic Radiation
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Tab. 1- (Appendix). Characteristics and concentration of natural radioactivity for 62 samples of important
Iranian granitoids (Bg.kg™).

ojless | adlaio pli 4igos pb ) ol iy S92 0y Cedled (1 loo g o0y &y
Ages Bag.kg™h
232Th 226Rq 40K
1 Sgde ol 5 oy i Js, | 716+04 | 284+07 | 1451309 | A
2 cuils o G Sow | 386%04 | 184209 | 259405
3 il $ G loye dwins | olyeaslys | 42705 | 18901 | 13744+05
4 e G el g, s oy 33604 | 27105 | 623908
s>
5 RO ol 5 0y oo | 172205 | 916+03 | 13854+02
6 ORIK s 0ye5 I 65 127 1260 J
7 53 el 5 s 35 595+0.1 | 41107 | 1077.8+02 | A
8 Sl el 5 S 30 sl 727+08 | 325+04 | 1121.7+05
9 ol 5 0y il | 627%02 | 39507 | 1539204
10 oW K 4 0505 I 51 116 968 J
1 ORI 0565 s " 40 85 964
12 ol WK S o 1354+08 | 67.8+0.6 | 1239.7+04 A
13 el F Soye ojosys | 1816207 | 942£0.2 | 1506.2£0.7
14 WK e I 88 152 1296 J
15 el F sy oS i 101 160 1500
16 il 5 KW g 59.8+02 | 457+03 | 1385403 | A
Sgall
17 S ORIK s g IS 951+04 | 51801 | 69.902
18 oW K 4 v, I 103 134 1303 J
19 RAEANRY WKy i P 43705 | 221+0.7 | 1010.4+0.7 A
20 il 5 g —aag)| 79 154 865 J
g
21 il 5 S Lol 132 153 1415
22 olws,s ORIK S 0703 sblge 101 113 1258
23 ol 5 Sulg e s M 102 140 1328
24 WKy &S s 85 131 1273
25 Sl ol 5 b, 6losed | ol | 386%04 | 326+08 | 288606 | A
26 il S e bl 234+01 | 157+02 | 556905
27 R el s b Syee | oSS | 84802 | 718%03 | 484109
28 Shen il 5 " slieSs | 91602 | 40902 | 9223+02
29 ol 5 ol a U5 LS 983+04 | 243+07 | 13195058
30 WKy R en 108 134 1210 J
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Continued Table 1 (Appendix):

31 il ) e 64 127 1399
K=
32 il o s me 44 102 592
33 5 e Sy S gy oo 48102 | 21.9+09 10118%9 +
Soolye
34 el 5555 ) f 619+11 | 199+05 | 8933
35 ORI O gy Ao I 757+18 30.7+0.8 995.5+18.3
36 oy 3l oy I 132413 | 111406 | 2572+63
37 ol S Sy S s i 105+12 | 95+09 | 16026+ 28
38 il Fo5's) s, aob 5 87.8+2 33.6+0.9 181.6 +5.7
39 ORR XN s, I 27+1.1 4661 1059+4.1
40 ZeileSy gy 4o i 268.4 £33 113.3 + 152772.,93 +
41 ol Fosise s Il 1446+15 | 33.3+06 | 884.9+153
42 ol Foige I I 98.1+2.2 284+0.7 503.2+10.4
43 o sl 5 o i 2486+29 | 356+21 | 3197+17.2
44 g o i 2016 3971 95.3+5.2
45 o o P <MDA 344+07 | 629t41
46 . bsie o i 261+12 | 372+09 | 2354+7
47 el ol 0 I 80+18 | 225+09 | 7754%143
48 cleS, by ST oles <MDA 8.7+0.7 473+10.1
49 Sy Koy ol s f 45+08 | 84%06 | 271961
50 coleS, Koy oolle g ) ooljelel | 145+17 | 711%09 151;)29.5 +
055
51 BRERX iy Swdas Il 58+14 | 3L7+08 | 851%42
52 UK JEUNS Ao Il 94.7+13 365+1.1 971.9+17.2
53 oS o f 4413 | 30.1+08 | 709.9+138
54 okl Sy ooy S 6 by, | eyt | 61213 | 41408 112551.23 +
55 e 5555 ) I 621+16 | 27.7+£09 | 390.1+8.9
56 il 555y ) I 240.7+34 | 428+13 | 955+47
57 il SiyaS 5y Il 916+17 | 404+11 | 1039%19.2
58 o oS o s p 729+16 | 356+09 | 8063+153
59 e N I 97£19 4771 | 531113
60 i oS e Il 373+14 | 213%1 935+17.2
61 el Sy e I 786+18 | 395+1 | 830155
62 s, o) i 493+16 | 335+1 | 8748+166

A = Abbasi&Mirekhtiary (2011); J = Jahangiri& Ashrafi (1389); P = Poureimani et al. (2014)
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Tab. 2-(Appendix). Radioactivity indices of 226Ra, 232Th and 40K isotopes for 62 samples of plutonic rocks
(mainly granitoids) from Iran. (The sample numbers are arranged according to the Tab. 1- Appendix, the

indices for Hexi, Hexe, Hin and ly are without dimentions).

Sample Raeq Hex1 Hex2 Hin ADRA AEDR Det ELCR
Number | (Ba/kg) (D) (mSvl/yr) | (mSvlyr) (mSvlyr)
(nGy/h)
1 242.5381 0.65493 0.327465 0.731687 116.8864 0.143349 0.189895 0.50172323
2 93.5718 0.252694 0.126347 0.302424 42.63218 0.052284 0.459026 0.18299437
3 185.7898 0.501684 | 0.250842 0.552865 91.83508 0.112627 0.91141 0.3941929
4 123.1883 0.332682 0.166341 0.405925 58.83123 0.072151 0.604313 0.25252717
5 4445218 1.200457 | 0.600229 1.448025 204.0992 0.250307 2.180646 0.87607532
6 316.97 0.856163 | 0.428081 1.199406 150.476 0.184544 1.554928 0.64590318
7 209.1756 0.564886 | 0.282443 0.675967 99.87046 0.122481 1.026132 0.42868396
8 222.8319 0.601734 | 0.300867 0.689572 105.707 0.129631 1.093124 0.45370964
9 247.6794 0.668842 0.334421 0.775598 120.3044 0.147541 1.215016 0.51639478
10 263.466 0.711672 | 0.355836 1.025186 124.7616 0.153008 0.292459 0.53552669
11 216.428 0.584586 0.292293 0.814315 103.6288 0.12709 1.061709 0.44481626
12 356.8789 0.963757 0.481879 1.147 164.8007 0.202112 1.750705 0.70739048
13 398.3645 1.075842 | 0.537921 1.330437 185.8153 0.227884 1.954221 0.79759377
14 377.632 1.020018 0.51009 1.430829 177.4192 0.217587 1.852512 0.76155417
15 419.93 1.134244 | 0.567122 1.566677 197.474 0.242182 2.060009 0.8476374
16 237.8897 0.642426 0.321213 0.76594 115.0038 0.141041 1.166992 0.49364223
17 240.9923 0.65082 0.32541 0.79082 110.1825 0.135128 1.182212 0.47294749
18 381.621 1.03074 0.51537 1.392902 178.4551 0.218857 1.87208 0.76600067
19 162.3918 0.438518 | 0.219259 0.498248 78.73868 0.096565 0.796629 0.33797791
20 324.575 0.876745 | 0.438372 0.268637 150.7765 0.184912 1.592235 0.64719305
21 450.715 1.217345 0.608672 1.630858 209.4195 0.256832 2.211028 0.89891226
22 354.296 0.956905 | 0.478453 1.262311 165.6686 0.203176 1.738034 0.7111159
23 388.116 1.048292 0.524146 1.426671 181.6656 0.222795 1.903942 0.77978142
24 350.571 0.946896 0.473448 1.30095 164.9461 0.20229 1.719761 0.70801464
25 110.0202 0.297143 | 0.148571 0.385251 50.41022 0.061823 0.539715 0.21638083
26 92.0466 0.24856 0.12428 0.290992 44.60973 0.54709 0.451528 0.19148281
27 258.3677 0.697787 | 0.348894 0.891841 119.7566 0.146869 1.267449 0.5140431
28 248.2951 0.670508 0.335254 0.781048 115.6011 0.141773 1.218036 0.4962062
29 266.4705 0.719537 | 0.359768 0.785212 125.623 0.154064 1.307198 0.53922395
30 61.381 1.03071 0.515355 1.392872 177.597 0.218705 1.872026 0.76231736
31 326.243 0.8812 0.4406 1.224443 155.6683 0.190912 1.600418 0.66819061
32 210.504 0.568637 | 0.284318 0.844312 98.3864 0.120661 1.032648 0.42231378
33 168.9843 0.456317 | 0.228159 0.515506 81.57493 0.100043 0.828969 0.35015223
34 115.27 0.311283 | 0.155642 0.365067 50.2927 0.061679 0.565469 0.21587639
35 215.6045 0.582216 | 0.291108 0.665189 101.4186 0.12438 1.057669 0.43532898
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Continued Tab. 2-(Appendix):

36 49.7804 0.134437 | 0.067219 0.164437 23.82624 0.029221 0.244203 0.10227175
37 147.9152 0.399397 | 0.199699 0.425073 77.55942 0.095119 0.725613 0.33291605
38 173.1372 0.467562 | 0.233781 0.558372 76.12712 0.093362 0.849342 0.32676805
39 93.3646 0.25221 0.126105 0.378156 42.25323 0.051819 0.458008 0.1836786
40 624.1791 1.685607 | 0.842804 2.00804 282.7951 0.34682 3.061973 1.21386973
41 308.2153 0.832272 | 0.416136 0.922272 139.6233 0.171234 1.511981 0.59931918
42 207.4294 0.560137 | 0.280068 0.636893 93.35664 0.114493 1.017566 0.40072404
43 462.3529 1.248453 | 0.624226 0.347101 205.1187 0.251558 2.268118 0.88045146
44 75.6381 0.20433 0.102165 0.311628 34.39541 0.042183 0.37105 0.14763886
45 39.2433 0.10605 0.053025 0.199023 18.51573 0.022708 0.192512 0.07947692
46 92.6488 0.250252 | 0.1251266 0.330793 42.76698 0.052449 0.454498 0.18357298
47 195.2198 0.527155 | 0.263577 0.587966 90.29858 0.110742 0.95768 0.38759762
48 45.121 0.12185 0.060925 0.145364 23.7435 0.029119 0.221346 0.1019166
49 35.7713 0.096605 | 0.048303 0.119308 17.93701 0.021998 0.17548 0.07699291
50 363.8815 0.982673 | 0.491337 1.174835 166.6944 0.204434 1.785057 0.71551873
51 121.1927 0.327306 | 0.163653 0.412982 53.22607 0.065276 0.594523 0.22846758
52 246.7573 0.666344 | 0.333172 0.764993 114.59 0.140533 1.210493 0.49186624
53 147.6823 0.398824 | 0.199412 0.480175 70.08503 0.085952 0.72447 0.30083298
54 217.7971 0.588165 | 0.294082 0.700056 104.2259 0.127823 1.068425 0.4473793
55 146.5407 0.395735 | 0.197868 0.4706 66.57297 0.081645 0.71887 0.28575782
56 394.3545 1.064874 | 0.532437 1.180549 169.1388 0.207432 0.934545 0.72601117
57 251.391 0.678865 | 0.339433 0.788055 117.3175 0.143878 1.233224 0.50357364
58 201.9321 0.545313 | 0.272657 0.64153 94.10151 0.115406 0.990598 0.40392132
59 227.297 0.613831 | 0.306916 0.74275 102.7681 0.126035 1.115028 0.44112179
60 146.634 0.39597 0.197985 0.453537 71.3593 0.087515 0.719328 0.30630266
61 215.808 0.582759 | 0.261394 0.689546 100.3344 0.12305 1.058668 0.43067538
62 171.3586 0.462759 0.23138 0.5553 81.7336 0.100238 0.840617 0.35083227

?/(ydu < H%z‘

0

Casdy/ J;l Y

.

»

97

N
N




